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these lines have a slight inclination from the horizontal, 
the northern ends bemg a little lower than the southern 
ends. The lines vary in size from a quarter of a degree 
in width and several degrees in length up t,o 1' by 10' or 

Kear the horizon the size is a.lways small, 

ness is very different on different nights and the view is 
alwap improved by good field glasses. A number of 
observations have been made on the motion of this 
detail, which in every case has been in a soizt,herly or 
southwesterly direction, and a very rough analysis of 
the rate has given something in the neighborhood of 
60 miles per Iiour. This structural effect., of course, 
exists in what otherwise appears to be an absolutely 
clear sky. It rises about %'hi h in the west. and may 

ing of the colored sunlight across this structural detail, 
lower and lower t,owards the west.ern mountains, was one 
of the first phenomena noted last '4 teniber. 

Five minutoes after  sunset^ the luo arch of eai-th 
shadow [(a) Dark se ment] begins to rise above the 

twilight arch] of sunlit atmosphere immediately above it. 
If the night is favorable tho pink arch is cut up into ii 

number of alteiiiating blue and >ink rays [see 

sun. Twenty-thma blue shadow rays have been counted 
at one time. Some of them may oome from clouds visibln 
above the western horizon and the blue shadow may be 
traced com letel across the sky froni western cloud to 
eastern arc l. &en the shadow comes from clouds below 
the western horizon; but at  this oarly nioniont in the 
evening, it can not usually be traced noaror the westorn 

growing even lary arger at  the higher e1evat.ions. The coiispicous- 

be traced through an aziniut,h o P GOo or 55'. Tho pass- 

eastern horizon with a a rilliant pink curve [((I) First anti- 

kx e's translation of Heiin's descri tion, t \ lis issue of t,he 
REVIEW, p. (5251 all pointing the spot opposite the 

horizo6'than 30'. 
As the Dink arch in the east [(a,) First, anti-tu-ilight arch] 

rises hig]r;er and higher above- the horizon, rsnr:hing ai; 
elevation of So, or IO', or ewii 12' before i t  boc.:oines too 
faint (on one occasion it seemed to appoar at  18' eleva- 
tion), tho eastorn [anticrepuscular] rays est8euil more and 
mor6 toward the west, bccoining fainter tmd Iiiiiiter and 
ver rarely showing directly overhead. As the pink nrch 
in t e east really disap ears, 20 to 35 minutes after sunsct, 
a pink glow begins to orni in a groat area estendiiig from 
10' or 1 5 O  up to 60' above the western horizon [ ( d )  Fiist 
purple light]. On perfectly char nights this glow grad- 
ually settles toward the horizoii [ ( c )  Fiist twilight arch] 
retaining for a long timo between it nnd the horizon ti 
deep lemon-yellow color [ ( c )  First bright segment]. A ~ c J u ~ ;  
30 minutes sftcr siinsot the lenion-yellow has set, [End 
of civil twilight] and for the iiext 10, 15, or even 20 inin- 
utes the pink glow is grn.dually disitppcariiig below the 
western mountains. 

When there aro a few cirrus c:louils at  the pro or 
distance to the west of us to cause shadows, the ~Es- 
appearance of tho pink arch in the east [ (a i  First anti- 
twili ht arch] with its [aiiticrepuscidar] rays is inime- 
diate f y followed or even accompanied by the formation of 
a splendid series of bright [crepuscular] ra 011 the 

east and a t  h t  reach an elevation of 40' or more over 
the place of sunset and a length of 60' or SO", if low, 
along the northwestern or southwestern horizon. The 
base of these ra r a t  first ma 9 bq15" or 10' above the 

extend from tho visible horizon in a deep red color u 1 to 

bright rays, separated by ns many blue shadows, have 
been counted at one time. A few of the Tor numerous 

P E 

western sky. These are much brighter than t r osc in the 

horizon, but as t r ie half hour a ter wisct  passes the rays 

loo or even 20' in altitude. As many as 22 of t i ese 

messurements of elevation have boen roug rl ly worked 

out to get the elevation of the layer or curtain on which 
and shadows are projected. The process is 

simple, or the length of time after sunset gives a rou h 
idea of the hundreds of miles of distance between t % e 
observer and the clouds which are casting the shadows. 
This distance is easily shown to be 300 to 400 miles, 
for some of the best raylike shadows appear 30 minutes 
after sunset, a t  ,which moment the sun is setting at a 
point some 400 miles west of ur. By carrying out this 
calculation it is eas to show that we am seeing shadows 
cast upon a layer a out. 12 miles above thc surface of the 
earth. 

As u rule, these shadows appear raylike in form, with 
the rays divorging from the sui1 (below the horizon). But 
occasionally rounded or elongated blue cloud shadows are 
observed, with direct sunlight, very deep red in color, 
which has passed underneath the cloud itself, and is 
projected higher in the western sky than the light which 
passes over the cloud. Tho color of these cloud shadows 
IS usudly blue but occasionally is a very striking green. 
[See Abbe's translation of Bezolil, p. 623.1 

When the pink afterglow [ ( d )  First purple light] has 
sunk low in the west a faint iiik glow suffuses the entire 
horizon [(ej Second anti-twi r ight]. As this second after- 
glow Icaves the east it  niny be seen as a faint pink glow 
[(g) Second purple light] in the mesteni sky at  about an 
hour after sunset. 

The most exquisitely beautiful combination of colors 
is obtained when there seems to be a long horizontal cloud 
shadow [(e) First twili lit arch], cutting through [above] 
the western afterglow kc)  First bright, segment] at  about 
25 minutes after sunset.. Uiider such conditions the 
lemon- ellow area [(e) First bright se ent] extends 

part of the western sky, then comes a nearly com lete 
interruption of shadow [(c) First t,wilight arch] a E ove 
which is the most superb dis lay of a brilliant red band 
[ ( d )  First purple light] extengng u wards perhaps 10' or 
more and divided into glowing Krepuscular] rays all 
pointing t.oward the sun, long since out of sight. The 
color of t.his ure red glow [ (a)  First Fyrple light] is 

romineiices observed through the C line of hydrogen. 
f t  is so different in the splendor of it,s beauty hom the 

ink edging to the afterglow seen oil clear nights that it 
Ras become evident that special conditions are required 
to produce it a t  it.s best. And when seen at  its best it 
forms one of t.he most. reni:irkable nieteorological dis- 
plays ever witnessed by the writer. 

these 'Y 

from t K e horizon perhaps So in height t ffp rough a great 

almost monoc R romatic and seems much ihe the color of 

... . ! I 
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TWILIGHT COLOBS AT MOUNT WILSON, CAL., AUGUST- 
SEPTEMBEB, 1918. 

By WENDELL P. HOOK, AssiRtant Astronomer. 

[Dated: Mount Wllson S o h  Observntorp, Cal., Nov. 1, ISlO.] 

Mr. Ford A. Carpenter, Meteorologist, Weather Bureau, Loa Angel-, cs5 ., tranamita the following description of twili ht colors observed et 
the Mount Wilaon observatory, contributed by dr.  W. P. Hoge.] 

In reference to red sunsets my "log book" contains 
the following note under date of August 4, 1916: "Very 
brilliant sunsets for several evenings." This indicates 
that t.hese brilliant dis lays be an about Au . Their 
onset was rather suurPden a n f  they have Yt s owly dimin- 
ished in bri htness, although they were quite marked 

[November 11, particularly in the morning [when] I have 
a good sky line from 25 to 100 miles distant. The dis- 
play is gradually growing fainter. 

during all o P August. The effect is still very noticeable 
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At early dawn a band of crimson [( Second bright 
segment], extendin some 4' or 5' up P rom the horizon, 
a pears rather sud fi enly. This band widens a little and 
c % anges rapidly to a deep orange, with decided yellowish 
green higher up. On several occasions green and orange 
streamers [crepuscular rap] were sent up, much resem- 
bling the aurora as I have seen it p r e d .  It then 
changes to a lighter yellow; and a ittle later a very 
delicate pink, shading into violet [ (d )  First puTle light] 
comes in above it at  an altitude of about 25 or 30'. 
The changes are all very rapid, and frequently it is a 
very beautiful sight. aarlier, when at its niasimuni 

there were indications of streaks of velrety 
clouds t at  gave one the impression of a can0 )y of color 
spread overhead far to the east, althou h the s -y directly 

pare Douglass' "soft etching '' p. 6251. 
ave us 

here a t  Mount Wilson the most wonclcrfully frilliwb 
sunset and sunrise effects I have ever witnessed. 

L brinianci? 
overhead appeared to be entirely free K rom clouds [Com- 

Whatever t,he cause of these phenomena it 

SOLAR HALO OF SEPTEMBER 28, 1916, AT MIAMI, FLA. 

BY RICHARD W. GUY, Meteorologist. 
[Dstod: Westher Bureau ofilrc. M i m i ,  I%., Ocl. 5. 1918.1 

available for making accurate measurements, the solar 
distances iven and the sun's altitude are estimates, and 
are, there B ore, liable to error. Errors in the estimates of 

FIG. 1. Solar halo Iragment seen at Miami. FF., Sept. 28 1916, ?:I4 a. m 90th M. time. 
a, arc of the Mo-halo; e', parhehon 01 22'; /, Lowte' arc(ij. 

the sun's altitude, however, can be corrected by com- 
the true altitudes from the time given and the f -  atitu % e of Miami. 

The phenomenon was first seen a t  6:46 a. m., 90th 
meridian time, and at that time about lS0" of the u per 
art of the halo of 22" was visible. To the left o?the 

h o ,  and sli htly above the altitude of the sun, there 
was a brigh tf y colored arc, probably 5" in length, which 
strongly impressed the writer as bein convex to the sun. 

distance (estimated between 35' and 40") would seem to 
indicate, however, that the apparent convexity was an 
illusion and that the colored band was in reality a small 

utin 

The position of this arc relative to t B e halo and its solar 

7492S17-2 

segment of the tangent arc of the halo of 22'. The 
altitude of the sun a t  this phase of the halo was estimated 
at  1s'. 

At 7:07 a. m. the small arc to the left of tho halo had 
disappeared and two parhelia had develo ed on the cir- 
cumference of the halo. A rather poorly B efined band of 
white light extended several degrees outward from the 
parhelion on the right of the sun, this undoubtedly being 
a fragment of the parhelic circle. The altitude of the sun 
at  this time was robably 20". 

As the sun's agitude increased, the parhelia gradually 
separated from the halo's circunzference, and by 7:40 a. m. 
they were i d l  without the circle. At 7:44 a. m. (Sg. 1) 
only the pwhelion to the right of the sun was visible, and 
this parhelion had taken on 3.n elonwted form of 3" or 4' 
in estent. Both the parhelion an8 the band extending 
downivard from it were brightly colored. The phenome 
non was closely watched to see whether the band could 
be identified as a Lowitz mc, but it failed to show any 
appreciable curvature. This phase continued for about 
30 minutes, the sun's dtitude at, the time being about 26", 
The arhelia were visible a t  intervals to about 8:15 a. m.. 
and P ragments of the halo were seen as late as 9:05 a. m. 

METRIC SYSTEM FOB AERONAUTICS. 

At the re ular monthly meeting of the executive com- 

nautics, held December T, 1916, the executive committee 
adopted the metric system as its st,andard so fa r  as the 
committee is concerned, and recommendations will be 
sent to the various departments of the Government that 
this system be adopted in connection with all matters 
pertaining to aeronautics. 

It is announced that the Wa.r Department will ut  this 
change into effect immediately in its Aviation gection 
using both the metric and t,he English systems on all 
drawings for a time. 

It is of interest to note in this connection that the 
u per-air meteorological observations carried on by the 
deather Bureau, employed the metric system of units for 
all its work as early as 190s. The results secured in 1898 
were published in English units, those for 1908 onward 
were published in metric units, be inning with the first 
issue of the Bulletin of the Mount beather  Observatory 
for August, 1908. The latest of the bureau's publica- 
tions in this field, Su )plements numbers 3 and 5 to the 
MONTHLY WEATHER BEVIEW, adhere to this practice. 

mittee of t a e National Adrisory Committee for Aero- 

MEASUREMENT OF HORIZONTAL AND VEYTICAL MOVE- 
MENT IN TEE ATMOSPHERE. 

By M. TENANI. 
[Rrprinlrd/rom Science Abstracts, Sect. A, Sept. 28.1916, $989.1 

A small captive balloon is employed. The curve of 
the cord is assumed to be a catenary. The problem then 
is-Given (1) the wei h t  of the cord per unit of len th, 

a dynamometer), and (3) the angle made with the hori- 
zontal by the lower end of the cord, find (a) the tension 
at  tho upper end of the cord and (b )  its direction. These, 
with the known ascensional force of the balloon, enable 
the required air-current data to be computed.-A. 
[ Dani.ell]. 

(;1) the tension at  the K ower end of the cord (measure d by 

1 Nuovo cimento, Jan.-Feb., 1916, ll:87-M. 


